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GLOSSARY
Branch density – the number of branches on a specific length of trunk. Computing
resources the output art resources in game development process including textures
and meshes and so on. It is usually used for programming process.
Open-world game – a type of game which has no specific goals for the player to
accomplish while in default settings (Bos, Wilder, Cook, & O’Donnell, 2014).
Presenting performance – the performance combined with GPU and CPU performances.
Relative orientation – the clockwise angle from the initiating orientation to the
experimental orientation.
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ABSTRACT

Author: Gao, Ge. M.S.
Institution: Purdue University
Degree Received: May 2018
Title: The Effects on User Perception of Uniqueness of Three Factors as Applied to
3-Dimensional Tree Models
Major Professor: David M. Whittinghill
The gaming industry always faces the continual challenges of striking balance between
real-time computing performance and graphics presentation quality. This is particularly
apparent for a game with vast wild-lands scenes which demands for a large number of tree
models. From the visual perception perspective, this paper investigated whether people
can distinguish trees with uniqueness of various features (relative orientation, density of
branches, leaf color) using the same tree model in a virtual environment. During the
controlled experiment, quantitative research methods were used, which measured the
statistics of tree variations. The results suggested that our methods successfully
contributed a strategy in saving graphic resources without user consciousness and
maintaining high graphics performance.
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CHAPTER 1. INTRODUCTION
In real life, no two trees look alike. In a computer game, it would be nice to
replicate the natural environment of the real world. Many adventure games often feature
vivid, complex forest landscapes for players immersion. Thousands of trees have to be
rendered in real time (with less than 8ms), which requires a significant amount of
resources in the development, production, and play. Currently, many games mostly focus
on using very simple tree structures or texture maps, which can create an unrealistic
environment. Also, human perception has a limited capacity to process visual stimuli.

1.1 Statement of the Problem
This research investigated human perception of trees within a virtual environment.
For example, research has found that for a crowd of people in a 3D animation, it only
needs three variations of human figures so that users will consider the crowds are realistic
(Prak, & O’Sullivan, 2011). The goal of this research was to find whether users can
distinguish tree models with a unique factor changed, and identify the limits of human
perception so that developers can expend less effort and minimum resources on tree
construction while still producing realistic effects.

1.2 Research Question
The research question is whether people can distinguish 3-dimensional tree models
using the same model with uniqueness of 3 factors: orientation, branch density, and leaf
color.

1.3 Significance of Problem
To accomplish the experiment of this research, statistical and technological
theories and methodologies are mainly used. The interdisciplinary research not only adds
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empirical knowledge to discipline, but builds a real relationship between human
perception and computer graphics with the interaction between users and virtual
environment.
The most crucial contribution of the research is cost-savings. To illustrate, the
research shows subjects with experimental materials, which are built up to find out
whether subjects can select the trees are using the same art resources while one factor is
changed. After that, in the game industry, the research brings a lot of benefits to designers,
gamers, and developers. For designers, only several tree models can take place of
thousands of models with the result of this research, which means there are less resources
need to be made, they can spend more time on creative ideas and get faster feedback loop.
For gamers, because of less resources for GPU and CPU to process, they can have more
enhanced experience and smoother interaction. For developers, with less work for
designers, they can cut cost on making resources and spend their money on other things
much more meaningful. And revenues might be increased. The research could make a
better balance between computing resources and presenting performance than before in
game industry which calls for both efficiency and effectiveness.
Whats more, the result of this research can also be used in other fields, for
instance, virtual reality, which also needs high performance in large-scale landscape,
education, and exhibition in the museum of natural history.

1.4 Scope
The game industry is always challenged by finding the balance between computing
resources and presentation performance. The prevalent genre of open-world game, which
usually contains vast wild-lands, only deteriorates this balance and drains computer
resources. Among these, trees are essential enriching elements in such scene.
The goal of this thesis is to find out the effects on user perception of uniqueness of
three factors (relative orientation, bench density, leaves color) within a virtual
environment, especially real time rendering such as game industry. During the controlled
experiment, quantitative research methods is used. The quantitative method measures
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precise statistics on experimental factors with three separate experiments. Then the results
conducted from the test data.

1.5 Assumptions
The assumptions of this study are:
• Participants responded accurately and honestly during watching videos followed by
answering whether they can distinguish trees according to their perception.
• Participants have basic knowledge of trees in reality and spatial ability in virtual
environment to accomplish the whole experiment.
• The number of participants are enough for the study to gain results.
• Global illumination, hardware, and rendering method are the same in each scene
shown to participants.
• The study methods are appropriate to gain results answering the research question.

1.6 Limitations & Delimitations
The limitations of the study are:
• The trees models rendered within virtual environments are limited to available
hardware.
• The study is limited to the number of subjects from Purdue University, main campus
in West Lafayette.
• The study is limited to cooperation of subjects to take experiment and their
availability.
The delimitations of the study are:
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• The study focuses on intuitive interactions between human and virtual environments
in computers. Rendering and interaction happened on wearable devices are not
considered.

1.7 Summary
In real life, no trees look alike. It should be good to replicate the nature
environment of the real world in virtual environments. The thesis question is aiming to
provide reference to people in game industries to save cost using repeating graphic
resources without user consciousness and maintaining nice graphic performance. The
method of experiment exists some limitations which need to be fixed in the future.
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CHAPTER 2. REVIEW OF LITERATURE
In the 1970s, the home video game system and PC came out to the public. Game
industries are established till the early 1980 (Wilson, 1992). Computer games have
become the topic of research now all over the world. It is because of video games owning
larger player groups and more research topics (Egenfeldt-Nielsen, 2011). From the
educational view, Amory et al. (1999) pointed out that in educational games stimulation
can be brought out by visualization to help users not only improve discovering new
knowledge but gain new skills. Also, Egenfeldt-Nielsen (2011) presented some significant
basic concepts to establish the system of devoting computer games into educational field.
From the economic view, according to a report from market researcher SuperData
Research (2017), worldwide interactive media revenue is $93.8 billion in which digital
games earned $87.5 billion in 2016. The global market for games and interactive media
will grow 12% in 2017 but will add over 80% more revenue by 2020. From this
perspective, the virtual environment, including computer games, plays an important role
in the education field, and it truly brings impressive income for industries. Aside from
increasing users needs for high performance in virtual environment, industries are
devoting a lot into art insources such as employees, hardware, and software. The
technologies that can improve efficiency in the process of products are widely needed.
The thesis is faced with solving one of problems when industries are designing their
virtual environment.
According to the statement of the problem, the thesis is mainly focused on user
experience with tree models in virtual environments. As for the research methods, the
thesis used quantitative method. For the experiment design, the literature review is divided
into two sections including user experience and geometric design.

2.1 Psychology and Virtual Environment
Nowadays, we can use head-amounted and computer-based driver to build a
virtual environment. It provides a new way for communicating via media. To analyze the
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environment, there are three methods to be used normally: first, which can be represented
by the environment; then, what could be represent through the procedure of visualization;
third, what user performance may be used for restraining design method of the
environment.
Research in psychology plays an important role in computer games. Boyle,
Connolly, and Hainey (2011) revealed that flow essentially provides enjoyment when
people participate in activities which are freely chosen. Besides, studying psychology can
provide designing methods and evaluation direction while building a game.
They pointed out that according to the significant increase of computer games
revenue recently, computer games have become a popular entertainment way (Boyle et al.,
2011). Also, researchers devoted their knowledge into more areas such as sex role
acquisition to help understand the negative influence brought by computer games. Playing
computer games can have negative and positive impacts. To help understand the negative
parts of computer games, psychologists have used their knowledge of aggressive
behaviors, sex role achievement, and addictive behaviors . On the other side, there were
study showed that if teens play games, they could gain more in different areas such as
school engagement, mental health, self-concept and so on (Durkin & Barber, 2002).
Researchers also mentioned that engagement in entertainment games can self-evident.
Boyle, Connolly, and Hainey (2011) found out that enjoyment and flow experience were
important in providing contribution to happy feeling while participating in activities which
can be chosen freely.
Besides, psychologists used motivational theories to find out the reason of
attraction of computer games. Przybylski, Ryan, and Rigby (2009) used Ryan and Decis
self-determination theory to show the motivations of computer players. In the theory,
human motion needs such as competence, autonomy, and relatedness were given. If
people desire more intrinsic needs, they would feel more delighted when they are engaged
in activities. Also, perceptual psychologists designed tasks to find out the influences on
human perception and cognition while they were also game players (Boot, Kramer,
Simons, Fabiani, & Gratton, 2008). They pointed out that entertainment games experts
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presented a lot of benefits including in cognitions and performances for players while
researchers in previous study did not think it is so important.
Connolly, Boyle, MacArthur, Hainey, and Boyle (2012) claimed that there are
some relationships among computer games, human perception, cognition, behavior, and
motivation. Referred to Blooms taxonomy, “the taxonomy of the cognitive domain
includes the following hierarchy: knowledge, comprehension, application, analysis,
synthesis, and evaluation” (p. 212). The researchers (Connolly et al., 2012) claimed that a
lot of papers (7392) identified had confirmed that there has been a large part of papers
which studied the influence of computer games on learning skills. Also, they pointed out
the method of designing games. However, they did not notice that playing games could
have positive influence on esteem for participating and learning.
Above all, psychological research in virtual environment is significant when
designing an human-interactive environment, which is the most important part in the
thesis.

2.2 Geometric Design
The thesis is aiming to find out whether people can distinguish tree models in
virtual environments. Before the beginning of the experiment, trees models are designed
with several variables. To design the trees models, in the architecture field, there have
been a theory called procedural modeling, which uses procedures to treat
(semi-)automatic content generations (Smelik, Tutenel, Bidarra, & Benes, 2014).
For tree modeling, Sakaguchi and Ohya (1999) proposed a modeling and
animation way of tree models within virtual environments, which gave a new top-down
approach where using volume data to define tree models and branching rules to realize
branch structure. In their publication, tree models were separated into different branch
segments which were connected to each other and leaf models were separated into leaves
and smaller branches. And for animating the botanical trees, they described a dynamics
simulation on the branch segments with two ends. Sakaguchi et al. (1999) accomplished
their experiment using the following procedure: (1) they assumed each segment was a
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rigid stick and had a fixed end on one side; (2) they calculated rotation from in each
segment independently; (3) they calculated the forces which were propagated from branch
to root; (4) to keep the relative angles between segments, they executed the rotation of
segments and moved the fixed end of segments to the free end.
To build botanical tree models, the researchers considered four main methods
including models for representation of dynamics, attributes of branch segments, leaf
model, and tree structure modeling. For the models to representation of dynamics, in a
model, each segment has parent-child relationship with others. There is only one segment
without a parent segment. It is called the root segment.
For the branch segments’ attributes, each branch has attributes, which includes
identification number, the number of leaves attached, the mass and dimensions of
segments, and so on. For the leaf model, which is attached to branch segments, it also
owns parent-child relationships. The leaf attribute is the number of leaf modes which are
attached to a branch segment. One tree model has one type of leaf model, while multiple
trees can have multiple types of leaf models by using different methods.
For tree structure modeling, the attributes described above could be calculated
from tree models, however, using this method can take the attributes into account. The
method includes volume data construction and branch structure modeling. In volume data
construction, 3D shape is used to describe data. For each voxel of the data, it represents
the mean brightness of the input. To illustrate, building tree models using camera from
multiple viewpoints. Then, determining the sizes and positions of the tree models by using
a rectangle. And using the inverse re-projection to convert the 2D images into 3D model
data. To model branch, building it within the volume data. And placing the root below the
ground, then generating the child branch. Using voxel values to control the branches.
To simulate motion efficiently, for each branch segment, the researchers fixed one
end to make sure only calculating axial rotations. By using this, the movement of each
branch segment is not dependent to others. Also, they exploited structure information of
each segment. Thus, by only using one dynamic model, they can get different types of tree
models. Besides, the approach animated the external-forced movements which might be
caused by human movements or snow.
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In Sakaguchi et al. (1999) experiment, they used Alias PowerAnimator, Maya, and
source images to render the images and generate the textures of leaves and barks. And,
they modeled the backgrounds by hands. As a result, it cost 200 seconds to model a tree
which had 535 branches and 1515 leaves. The approximation between the 3D tree model
and the target tree was determined by the experiment. Different view angles were used to
capture the source image. The representation of the tree has something different from the
real one in details. In the real-time interactive system of the experiment, from time
perspective, the numerical calculation was 0.006 second, which is much larger than that in
other simulations. Also, they realized this method with real-time rendering based on the
SGI 02 R1OK 195MHz workstation.
In conclusion, Sakaguchi et al. (1999) proposed a method to build 3D trees by
using modeling based on pictures and animating dynamically. They produced a way of
generating tree models which could made a tree model within a virtual environment be
very similar to the one in real world and simulate the external forces on tree models. For
the limitations, the collisions between branch segments and leaves segments was not
considered, which might cause unnatural animations when there was a strong external
force on branches and leaves. From this perspective, the thesis continues to describe a
human-to-computer communication through virtual scenes.
In recent publications, unlike just focusing on single tree modeling, some
researchers focused on group level of vegetation. To generate features of virtual worlds,
Smelik et al. (2014) brought out a useful survey on procedural modeling within a virtual
environment using PM tools. In the vegetation section, they divided the procedural
vegetation generation based on the level of details into individual organs, plants, and
complete plant ecosystems. Their results lead to find out ways which can combine
concepts in these areas with techniques. Smelik et al. (2014, p. 50) pointed out something
would be very important: (1) introducing a procedure regeneration topic which can be
used for all manual edition by hand; (2) unifying the procedure methods; (3) being able to
combine procedurally generated models and manual content; (4) integrating PM tools
without loopholes.
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Because of the annually increased players demands and the improvement of
hardwares and devices, the better virtual environments will be created rapidly in the future,
which could provide more pressure on designers, engineers, and artists in game industries.
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CHAPTER 3. METHODOLOGY
The purpose of this research was to find out whether people can distinguish trees
using the same model within a virtual environment. This chapter provides the methods
that were used in the study, including methodology, access, sampling, data collection and
analysis.

3.1 Methodology
The approach emphasized human perception by showing participants groups of
trees with uniqueness of different factors in order to measure whether they could
recognize two trees using the same model under some conditions. The experiment used
quantitative methods for experiment design and data analysis. In the experiment, three
parts were used separately. For the first part, I tested whether user could distinguish trees
with the uniqueness of relative orientation changed. For the second part, I tested whether
user could distinguish trees with the uniqueness of density of branches changed. For the
third part, I tested whether user could distinguish trees with the uniqueness of leaf color
changed.
I used multiple variations but let them be tested separately one by one and
randomly ordered the variations for subjects to construct our control and experiment
groups. The variations included relative orientation (the clockwise angle from the
initiating orientation to the experimental orientation), branch density (the number of
branches on a specific length of trunk), and leaf color. The experiment required
one-sample t-test statistical analysis for each variation. Figure 3.1 provides examples of
tree variations.
The experiment environment was as follows: a Windows 10 home 64-bit (10.0,
Build 14393) operating system, Inter(R) Core(TM) i7-6700HQ CPU @ 2.60GHz (8
CPUs) processor, GeForce GTX 1080 graphics card, 16384MB RAM memory, and using
DirectX 12 APIs.
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Figure 3.1. Left: The Original Tree Model; Center: The Tree Model with Relative
Orientation Changed; Right: The Tree Model with Both Relative Orientation and Leaf
Color Changed.

The study was intended to make statistical inference about the population of all the
users on Amazon Mechanical Turk. Voluntary sampling was used in experiment. Subjects
were recruited on Amazon Mechanical Turk randomly and they got reward for
participating the experiment. The survey questions were posted on Amazon Mechanical
Turk. Before the start of survey, subjects were given an application narrative form. If they
agreed to all, then jumped into the survey questions page. If not, ended the survey. After
subjects have answered the survey questions, the survey ended. The response from the
subjects on all three survey questions were collected.

3.1.1 Effects on User Perception of Uniqueness of Relative Orientation
As in Figure 3.2, a rendering of two trees was shown to subjects at the same time.
Both trees used the same geometry models with only the orientation of the right one was
changed by 90 degrees compared to the left one. Subjects were given a slider to choose a
percentage on how much similarity they considered between the left tree and the right
tree. The scale of the slider was between 0 and 100.
The null hypothesis was people could not distinguish trees using the same model
with relative orientation increased by 90 degrees (µ1 = 0). The alternative hypothesis was
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Figure 3.2. Tree Models with Only Relative Orientation Changed.

people could distinguish trees using the same model with relative orientation increased by
90 degrees (µ1 6= 0). The test statistics is calculated as follows:
t=

x − µi
√ , i = 1, 2, 3
s/ n

where x is the sample mean, s is the sample standard deviation of the sample, n is the
sample size.
Set significant level as 0.01. If the p-value of the t test was smaller than this
statistical significance, then the null hypothesis was rejected. If not, we could not reject
the null hypothesis.

3.1.2 Effects on User Perception of Uniqueness of Density of Branches
In terms of density of branches, as Figure 3.3 shown, a rendering of two trees was
shown to subjects at the same time. Both models used the same models with only the
branches of the right one was procedurally decreased by 4 compared to the left one.
Subjects were given a slider to choose a percentage on how much similarity they
considered between the left tree and the right tree. The scale of the slider was between 0
and 100.
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Figure 3.3. Tree Models with Only Density of Branches Changed.

The null hypothesis was people could not distinguish trees using the same model
with branches procedurally decreased by 4 randomly (µ2 = 0). The alternative hypothesis
was people could distinguish trees using the same model with branches procedurally
decreased by 4 randomly (µ2 6= 0).
The test statistics was shown in section 3.1.1. Set significant level as 0.01. If the
p-value was smaller than statistical significance, then the null hypothesis was rejected. If
not, we could not reject the null hypothesis.

3.1.3 Effects on User Perception of Uniqueness of Leaf Color
For the leaf color, Figure 3.4 shows rendering of two trees was shown to the
subjects at the same time. Both models used the same models with only the leaf color of
the right one was changed to brown while the left one was green. Subjects were given a
slider to choose a percentage on how much similarity they considered between the left tree
and the right tree. The scale of the slider was between 0 and 100. The null hypothesis was
people cannot distinguish trees using the same model with leaf color changed from green
to brown (µ3 = 0). The alternative hypothesis was people can distinguish trees using the
same model with leaf color changed from green to brown (µ3 6= 0).
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Figure 3.4. Tree Models with Only Leaf Color Changed.

The test statistics was shown in section 3.1.1. Set significant level as 0.01. If the
p-value was smaller than statistical significance, then the null hypothesis was rejected. If
not, we could not reject the null hypothesis.

3.2 Study Access and Sampling
To find out the subjects scientifically. I used simple random sampling to recruit
subjects from population.

3.2.1 Population
The study intends to make statistical inference about the population of all the users
on Amazon Mechanical Turk.

3.2.2 Sampling Approach
Voluntary sampling was used in experiment. Subjects were found on Amazon
Mechanical Turk randomly and they got compensation after experiment.
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3.2.3 Sample Size
We recruited 26 subjects for the experiment. Each of them took the three questions
in random order.

3.2.4 Unit of Measurement
In experiment, subjects were given a survey which including three questions
randomly assigned. In each part, the subjects had to choose the percentage they thought
describing the similarity between pair of trees best.

3.2.5 Variables
The variables include relative orientation, branch density, and leaf color.

3.2.6 Assessment Instruments
A survey created by Qualtrics including three questions, which represented three
separate experiments, in random order was shown to each subject. The survey was posted
on Amazon Mechanical Turk.

3.3 Data Collection Methods and Analysis
The survey was posted on Amazon Mechanical Turk. Before the start of
experiment, subjects were given a Application Narrative Form. If they agree to all, then
jump into the survey page. If not, end the experiment.
The survey totally has three pages and each page has a question. The three
questions are independent to each other and in random order. For each question, it
contains a picture of two tree models with one factor changed. Below the picture is a
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slider, each subject need to choose what percentage of similarity they think between the
left tree and the right tree.
After subjects answered all three questions, end the survey. The percentage data
subjects chose in all three questions were collected.
Since the three questions were separate and randomly assigned. One-sample t-test
was used to test the hypotheses.

3.4 Summary
The thesis emphasizes human perception by showing subjects trees with different
variations in order to measure whether in some extent they could recognize two trees using
the same model. The experiment measured human perception on different tree variations.
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CHAPTER 4. PRESENTATION OF DATA & FINDINGS
After the data was collected from subjects, to test each hypothesis, I used
one-sample t-test to check whether single factor has effect on user perception. Interesting
findings appeared and further consideration should be considered in the future.

4.1 Data Conditioning & Analyses
Since each experiment was independent to each other and randomly assigned to
subjects during experiment, data was collected and analyzed separately. For each question
in the survey, subjects were asked to choose a percentage data which they thought can
describe the similarity between control group and experimental group best. The data
should be rational numbers between 0.00 and 100.00. For the boundaries, 0.00 means that
subjects think the control group and experimental group use absolutely different tree
models, even though they use the same model actually. 100.00 means that subjects think
the control group and experimental group use totally the same tree models, when they
actually use the same model. Figure 4.1 shows data distributions of three experiments.
Also, in this section, three subsections were used to describe details of the three
experiments.

Figure 4.1. From Left to Right: The Statistics Distribution Graphs from The Response of
Similarity of Paired Tree Renderings in All Three Factors: Relative Orientation, Density
of Branches, and Leaf color.
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Table 4.1. T-Test Results for Variation in Relative Orientation
n

mean

Std Dev

Std Err

25

42.80

16.96

3.3921

99%CL Mean Min

99%CL Mean Max

99%CL SD Min

99%CL SD Max

35.0927

infinity

12.3102

26.4262

Min

Max

t Value

Pr

20.00

70.00

12.62

<.0001

4.2 Presentation of Data
I used one-sample t-test method and SAS software to analysis the data. Since the
study had three separate research questions, I used three subsection to present the data
separately.

4.2.1 Experiment 1 with Factor Related Orientation
The first experiment was designed with unique factor related orientation changed
by 90 degrees. 25 subjects took part in this experiment. The table 4.1 shows the min
percentage is 20.00. The max percentage is 70.00. Mean value of sample is 42.80. And
sample standard deviation value is 16.96. To test the hypothesis in which mean value
equals to zero, the test statistic is t = 12.62. I chose 0.01 as the statistical significant level.
Then the p-value was <.0001, which is below the threshold chosen for 0.01 level. The null
hypothesis was rejected in favor of the alternative hypothesis, which means users believed
the pair of trees using different models with related orientation increased by 90 degrees.

4.2.2 Experiment 2 with Factor Branch Density
The second experiment was designed with unique factor branch density changed.
26 subjects took part in this experiment. The table 4.2 shows the min percentage is 0.00.
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Table 4.2. T-Test Results for Variation in Branch Density
n

mean

Std Dev

Std Err

26

46.54

23.48

4.6058

99%CL Mean Min

99%CL Mean Max

99%CL SD Min

99%CL SD Max

35.0927

infinity

17.1412

23.4849

Min

Max

t Value

Pr

0.00

90.00

10.10

<.0001

The max percentage is 90.00. Mean value of sample is 46.54. And sample standard
deviation value is 23.48. To test the hypothesis in which mean value equals to zero, the
test statistic is t = 10.10. I chose 0.01 as the statistical significant level. Then the p-value
was <.0001, which is below the threshold chosen for 0.01 level. The null hypothesis was
rejected in favor of the alternative hypothesis, which means users believed the pair of trees
using different models with branch number decreased by 4 branches.

4.2.3 Experiment 3 with Factor Leaf Color
The third experiment was designed with unique factor leaf color changed from
green to yellow. 23 subjects took part in this experiment. The table 4.3 shows the min
percentage is 0.00. The max percentage is 100.00. Mean value of sample is 66.96. And
sample standard deviation value is 25.10. To test the hypothesis in which mean value
equals to zero, the test statistic is t = 12.51. I chose 0.01 as the statistical significant level.
Then the p-value was <.0001, which is below the threshold chosen for 0.01 level. The null
hypothesis was rejected in favor of the alternative hypothesis, which means users believed
the pair of trees using different models with leaf color changed from green to yellow.

4.3 Discussion
From the tables and graphs, I obtained some findings from the data:
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Table 4.3. T-Test Results for Variation in Leaf Color
n

mean

Std Dev

Std Err

23

66.96

25.10

5.3507

99%CL Mean Min

99%CL Mean Max

99%CL SD Min

99%CL SD Max

53.5351

infinity

18.3988

25.6612

Min

Max

t Value

Pr

0.00

100.00

12.51

<.0001

• The three factors showed significant effects on user perception. The subjects could
not distinguish tree models when I altered a single unique factor, be it relative
orientation, density of branches, or leaf color, changed in some extents, while I was
using essentially the same tree model.
• For each factor, the distribution graphs depicted that the data was in accordance
with normality, which means the statistical inference I made was valid and reliable.
Thus, the results I gained from the sample data are generalizable and can be used for
future applications.
• The factor, relative orientation changed by 90 degrees, is the most effective factor
among the three factors. Changing relative orientation could be an easy and
effective approach for the industry to adopt when they are to build art resources
asset libraries and to gain good game experience for players.
• The ranking of the effects on the three factors:
Relative orientation >Density of branches >Leaf color
• The leaf color was the most controversial factor among the three factors for the
experimenting subjects. A number of subjects thought the two trees using nearly
totally different model while some subjects recognized them using the same model.
It might not be the first choice for industry to change leaf color when they intended
to reduce art resources and seek for great performance.
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4.4 Summary
From the data collection and analysis, the results appears great since all three null
hypothesis were rejected to approve that users could not distinguish trees with uniqueness
of three factors. The findings can be used to game industries to help reduce art resources
and devote more into other things.
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CHAPTER 5. CONCLUSIONS, DISCUSSION & FUTURE PLAN
In this chapter, I concluded what I found in the study and discussed comparison
between my study and the literature in the field and the existing findings in the field.

5.1 Conclusions
From the figures and tables in chapter 4, p-values for each null hypothesizes were
calculated to test whether the hypothesizes should be rejected or not. I chose 0.01 as the
statistical significant level.
For all of the three experiment, since the p-values were less than 0.0001, which
were below the threshold chosen, all three null hypothesizes were rejected. This appeared
that users did not think that the three pairs of trees with three uniqueness of factors used
the same model. I can conclude that only changing 90 degrees of relative orientation,
density of branches procedurally decreased by 4, or changing leaf color from green to
brown have significant effects on user perception.

5.2 Discussion
The contributed a new strategy for the gaming industry to save art and computing
resources from a user experience perspective. Changed relative orientation by 90 degrees,
density of branches procedurally decreasing by 4, and change leaf color from green to
brown are all effective methods to increase vegetation variety within a virtual environment
using limited geometry models. Because only a few tree models are required to be loaded
into the scene, game designers can allocate more resources on other development tasks
and create a faster iterative design feed-back loop. The strategy on reducing GPU and
CPU usage also implies that gamers will have smoother user interactions and experience
as well.
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5.3 Future Plan
Since only uniqueness of three factors were discussion and analyzed in the study,
and there might be more factors of trees which could have effect on user perception, in the
future, more complicated experiments will be designed and statistical methods will be
used. For instance, the interactions of two or three factors in this study can be considered
in the future study. With more interactions and factors included in the future study, the
more precise conclusions can be gotten and may help game industries build their art
resources more systematic.

5.4 Summary
The study introduced the question found from real-world industries. And
quantitative research were used in the study to solve the question. Then, three smaller
experiments were designed by using survey and Amazon MTurk to gain data from
subjects which were randomly chosen in the United States. One-sample t-test was used to
test each hypothesis. From the conclusions, discussion, and future plan, meaningful
findings were found and a much more complicated study can be used in the future.
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APPENDIX A. IRB APPROVAL DOCUMENTS

Figure A.1. IRB Approval.
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Figure A.2. Online Consent Form Page.1.
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Figure A.3. Online Consent Form Page.2.
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APPENDIX B. ONLINE SURVEY

Figure B.1. Question 1 - PC Version.
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Figure B.3. Question 2 - PC Version.
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Figure B.4. Question 2 - Mobile Phone Version.
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Figure B.5. Question 3 - PC Version.
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Figure B.6. Question 3 - Mobile Phone Version.

36

APPENDIX C. IMAGES USED IN STUDY

Figure C.1. Tree Models with Only Leaf Color Changed.

Figure C.2. Tree Models with Only Leaf Color Changed.
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Figure C.3. Tree Models with Only Leaf Color Changed.
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APPENDIX D. RAW QUANTITATIVE DATA

Table D.1. Raw quantitative data for question 1
No.

response

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

40
40
50
70
20
60
30
30
30
30
30
60
70
20
60
20
30
50
50
60
70
30
50
50
20
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Table D.2. Raw quantitative data for question 2
No.

response

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

0
60
20
90
40
50
40
60
40
20
50
70
80
20
70
40
60
20
40
40
70
70
30
40
80
10

40

Table D.3. Raw quantitative data for question 3
No.

response

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

80
60
80
70
70
80
80
100
60
40
90
60
70
0
90
60
80
60
90
90
90
50
0

